The present experiment adapted the "Voluntary Facial Action" (VFA) technique (Dimberg & Söderkvist, 2011) to study the effect of facial expressions on the interpretation of ambiguity. This required participants to react with either the zygomatic major muscles (smile) or the corrugator supercilii muscles (frown) when exposed to different stimuli, some of which were ambiguous statements. While contracting the required facial muscles, participants also rated each stimulus on a negative-positive scale. Results indicated that participants contracting smiling muscles during ambiguous statements rated those statements as significantly more positive than participants contracting frowningrelevant muscles. This effect remained significant in participants who were unaware of the purpose of the experiment, and unaware that the experiment was related to mood. Previous studies have demonstrated that facial expressions can reflect the valency of a bias in responding to ambiguous stimuli (e.g. Neta, Norris, & Whalen, 2009) , but the present study goes further by suggesting that facial expressions can actively influence the interpretation of stimuli as complex as verbal statements. Some of the implications for the way in which facial expressions may influence cognitive processes relevant to psychopathology are discussed.
Introduction
Negative clinically-relevant emotions such as anxiety, depression and anger are known to have important effects on information processing that either lead to the acquisition of clinical symptoms or maintain existing symptoms (Davey, 2006; Macleod & Matthews, 2012; Mathews & MacLeod, 2005) . These emotions can influence the interpretation of ambiguous information (Butler & Mathews, 1983) , judgments about the likelihood of future events (Constans & Mathews, 1993) , decision-making when choosing between options (Vastfjall, Peters & Slovic, 2008) , and the allocation of attentional resources (Mogg & Bradley, 1998) , and these relationships between emotion and cognition are now considered to be reciprocal ones that influence the acquisition and maintenance of much psychopathology (MacLeod & Mathews, 2012) .
Of these various cognitive processes, dealing with ambiguity between threat and nonthreat is an important part of daily life, and an important focus of investigation for clinical psychology researchers. Most of this research has indicated that experiencing negative emotions such as anxiety increases the likelihood that a threat-relevant inference will be drawn from information that is inherently ambiguous. For example, when presented with ambiguous information that can be interpreted positively, neutrally or negatively (e.g. "I was surprised to be called in to see my boss today"), high anxious individuals will regularly trend towards endorsing the threatening or negative interpretation (Davey, Hampton, Farrell & Davidson, 1992; MacLeod & Cohen 1993; Mathews, Richards & Eysenck, 1989) . This finding has been substantiated using a broad range of behavioural measures, in verbal and non-verbal forms, using a range of different empirical tasks (see Blanchette & Richards, 2010 for a review) . This tendency towards interpreting threat/neutral ambiguous material as threatening has also been shown to play a central role in the development and maintenance of the symptomatology of individual anxiety disorders. For example, in individuals with specific phobias, threat-related interpretations of phobia-relevant events are either more readily available or more easily constructed than their benign alternatives (Cavanagh & Davey, 2004) ; individuals diagnosed with panic disorder are more likely to interpret ambiguous bodily sensations as threatening than nonclinical controls (Austin & Richards, 2001; Clark et al., 1997) , and this is likely to precipitate panic attacks (Clark, 1986) ; and individuals suffering from chronic worry symptoms are more likely to interpret ambiguous events as cause for concern that leads to further distressful worrying .
What constitutes the emotional experiences that influence information processing is still an issue of considerable debate (see Niedenthal, 2007) , but one of the important physical components associated with emotion is a distinctive facial expression (e.g. Matsumoto, Keltner, Shiota, O'Sullivan & Frank, 2008) . Experimental studies of the effect of facial expression have tended to support the view that feedback from emotion-relevant facial expressions both modulates and initiates emotional experience. For example, smiling has been shown to enhance a positive emotion and attenuate a negative one, while frowning has been shown to enhance a negative emotion or the evaluation of a negative stimulus and attenuate a positive emotion (Dimberg & Söderkvist, 2011; Hess, Kappas, McHugo, Lanzetta & Kleck, 1992; Larsen, Kasimatis & Frey, 1992; Soussignan, 2002; Strack, Martin & Stepper, 1988) . The emotioninitiating effect of facial expressions has also been observed in situations where a facial expression is activated in a situation where no previous emotions are present (Duclos, Laird, Schneider, Sexter, Stern & Van Lighten, 1989; Flack, Laird & Cavallaro, 1999; Laird, Cuniff, Sheehan, Shulman & Strum, 1989; Zajonc, Murphy & Inglehart, 1989) .
If feedback from emotion-relevant facial expressions influences emotional experience and the evaluation of external events, then there are good grounds for assuming that facial expressions may also influence psychopathologyrelevant cognitive processes either directly or indirectly through their association with emotional states. With this purpose in mind, the present study was designed to explore the possibility that embodiment of a valenced emotional facial expression can influence the evaluation of ambiguous material. For example, experienced negative moods (such as anxiety) generate a bias towards interpreting threat/neutral ambiguous material as threatening rather than neutral (Blanchette & Richards, 2010; Mathews & MacLeod, 2005) , whether that ambiguity is contained in sentences with ambiguous meanings, homophones, or in lexical decision tasks with potentially ambiguous endings. Davey, Sired, Jones, Meeten, & Dash (2013) have recently investigated the effects of facial expressions on evaluation of ambiguous stimuli using both a homophone spelling task (Experiment 1) and a psychopathology-relevant availability heuristics task in which participants were required to generate potential outcomes associated with ambiguous bodily sensations (Experiment 2). These experiments asked participants to manipulate golf tees attached to their brow (on the corrugator supercilii muscles) in such a way as to create either a frowning expression or a neutral non-frowning expression (a procedure originally devised by Larsen, Kasimatis & Frey, 1992) . The true purpose of the studies was also masked by advertising them as "Divided Attention' studies investigating the effects of concurrently undertaking a motor task at the same time as a cognitive task. Both experiments reported a shift towards a more negative evaluation in the facial manipulation condition where participants were made to frown. Experiment 1 found that participants in the frowning condition interpreted significantly more threat/neutral homophones as threats than did participants in the neutral control condition. In Experiment 2 participants in the frowning condition generated fewer positive consequences for bodily sensation scenarios than participants in the neutral condition. These preliminary findings suggest that clinically-relevant cognitive processes such as evaluation of ambiguous stimuli can be influenced by emotion-relevant manipulation of facial expressions. While this study was novel in relating facial expressions to clinically-relevant evaluation of ambiguous stimuli, it was limited by a simple unidirectional manipulation, artificially maintained rigid facial expressions, and a weak test of demand effect awareness.
The present study was designed to extend our knowledge of the effects of facial expression on the evaluation of ambiguous material -especially the evaluation of complex verbal material such as ambiguous statements. First, while previous studies have shown that facial expressions can reflect the valency of a bias in responding to ambiguous stimuli (Neta, Norris & Whalen, 2009 ), the present study is designed to investigate whether experimentally manipulated facial expressions directly affect evaluation of ambiguous stimuli rather than merely reflect it. Second, this study adapted the "Voluntary Facial Action" (VFA) technique to manipulate facial expressions (Dimberg & Söderkvist, 2011; Dimberg, Thunberg & Grunedal, 2002) . This provides a proven procedure for manipulating voluntary-generated facial expressions that are natural and not rigid and strained (such as the facial manipulations generated by golf tee manipulation, Davey et al., 2013 , Larsen, Kasimatis & Frey, 1992 , and it also provides a plausible cover story to minimize demand awareness. Third, whereas Davey et al. (2013) compared only one facial expression (frowning) with a neutral expression, the present study compares a negative facial expression (frowning) with a positive facial expression (smiling). Fourth, Davey et al. (2013) used only a weak measure of whether participants were aware of facial expressions being related to emotional experience. The present study uses a structured debriefing interview that will determine whether facial expression manipulation affects the evaluation of ambiguity in the absence of knowledge about the purpose of the experiment, knowledge about facial expressions being manipulated, knowledge about the study being concerned with mood in any way, and knowledge about the relationship between facial expression manipulation and mood in the experiment. Finally, the VFA technique provides a robust means of testing hypotheses about the effects of facial expression manipulation by allowing both within-and between-subject analyses of the effects.
We predicted (1) if facial expression influences the interpretation of ambiguity, then ambiguous statements would be rated as more positive when the participant was reacting with a smile than when they were reacting with a frown, (2) if facial expressions are involved merely in evaluating ambiguity (and not in modulating unambiguously valenced material), then we predict no effect of facial expression on unambiguous positive/negative statements, and (3) these effects would still be found in participants who were unaware (as measured in the structured debrief questionnaire) of factors that might create demand effects, such as knowledge of the purpose of the experiment, knowledge of the role of mood, and knowledge of the relationship between facial muscle contractions and facial expressions relevant to mood.
Method Participants
17 Males and 54 females participated in the study with an age range of 18-41 years (M = 20.10, SD = 3.34). All participants were fluent in English. They were all undergraduate psychology students recruited through the School of Psychology subject pool and awarded 2 study credits for their participation.
Materials
During the experiment participants were presented with a slide-show with each slide containing either an image or a statement. There were a total of 28 statements and 28 images in the full presentation, and presentation of statements and images were randomized throughout. Images were presented using Adobe Dreamweaver software via an LCD computer screen (15''). There were three types of statements, each taken from the Ambiguous Situations Diary . The statements were either unambiguously positive (e.g. "I went to Amanda's party last night, it was brilliant", N = 8), unambiguously negative (e.g. "I went to the hairdresser this morning, my new hairstyle is atrocious, I look awful", N = 8) or were ambiguous (e.g. "I got a piece of coursework back today and was surprised at the mark it received, N = 12). The images presented in the slide show were all chosen to be emotionally neutral and were adopted from Knowles (2004) . Each slide had white background and contained either an image or a sentence.
The participants were asked to rate the content of each slide on a rating scale that appeared beneath the statement or image (where -100 = very negative, through zero to 100 = very positive). The rating scale appeared 3 seconds after the onset of the slide. The speed of the slide-show was controlled by the participant who pressed a designated key on the computer keyboard when they were ready to move on to the next slide.
Four skin electrodes connected to a mock EMG device were used in the experiment. Prior to the experiment, two electrodes were attached over the participants' corrugator supercilii muscles and two above the zygomatic major muscle region using double-sided adhesive electrode collars with skin conductance cream. The electrodes were employed as a cover story in order to be able to ask participants to engage specific facial muscles associated with smiling and frowning without using terminology associated with facial expressions, thus reducing demand effects.
At the end of the experiment participants were asked to fill out a structured debriefing questionnaire designed to assess the extent to which they were aware of the purpose of the experiment, the role of mood in the experiment, and the relationship of the facial movements required to emotional facial expressions. This questionnaire assessed awareness at a number of different levels. Type 1 awareness assessed whether participants could reasonably articulate the purpose of the experiment ("What did you think was the purpose of the experiment?"), Type 2 assessed whether participants were aware that the study was related to mood in any way ("At any point in the experiment did you think the study was related to your mood?" -required a yes/no answer), and Type 3 assessed whether participants were aware their facial muscle contractions were related to facial expressions such as smiling or frowning ("At any point during the experiment did you think that the muscle contractions you were being asked to make were related to facial expressions such as frowning or smiling?" -required a yes/no answer). An independent rater who was unaware of the purpose of the experiment, but who was provided with a set of criteria for each awareness level and some example awareness responses, carried out these assessments.
Procedure
The participants were tested individually in a quiet, well-lit room. On their arrival they were given an information sheet and consent sheet to read. To mask the real purpose of the study, it was advertised as a 'Response times to pictures and sentences' study, in which participants were required to contract a particular set of facial muscles as quickly as possible when a picture was presented and to contract a different set of facial muscles as quickly as possible when a statement was presented.
After consenting to participate, participants were asked to provide demographic details (age, nationality, gender) and to read a set of experimental instructions. These instructions told them they would have electrodes attached to facial muscles and that they would be asked to contract certain sets of facial muscles 'as quickly as possible' depending on whether they perceived a picture or a sentence on the computer screen (i.e. it was portrayed essentially as a reaction time study). When they had made the appropriate facial muscle response, they were asked to hold this response for at least 3-secs (so that it could be fully recorded) and then to rate the picture or statement on the screen on the sliding scale at the bottom of the screen. Participants were asked to hold the response for 3-seconds to ensure that it was present while the image or statement was processed. 3-seconds was chosen because it was felt that this was an upper limit to the time that a deliberate smile or frown would feel natural. Participants saw all the slides twice and were instructed to contract their corrugator supercilli muscles to pictures and zygomaticus major muscles to statements or vica versa. Pictures were contrasted with statements to make the decision to frown or smile a straightforward and rapid one. Participants were told that their rating was required to ensure that they had fully processed the content of each slide. Finally, the instructions told them that once they had rated each slide they should press the 'next' button, located below the rating scale to move to the next slide.
After these instructions had been explained, the four skin electrodes were attached to their Zygomatic major (smile) and the Corrugator supercilii muscles (frown) and participants were verbally instructed that they needed to contract the appropriate set of facial muscles to the appropriate stimuli as quickly as they could. The contraction of both kinds of facial muscles was demonstrated by the experimenter without any reference being made to facial expressions or mood. Participants were asked to "elevate their cheek muscles" in response to one type of stimulus (e.g. a picture), and "contract their eyebrows" in response to the other type of stimulus (e.g. a statement). The order in which participants were asked to contract facial muscles to either pictures or statements was counterbalanced across participants. The experimenter monitored participants' expressions throughout the study and reminded them of the response requirements if they failed to make the appropriate response.
After they completed the slide-show for the first time (56 slides) they were given a compulsory short break lasting for 2 -3 minutes. After this break they were then given a new set of instructions in which they were asked to reverse the type of facial muscles that they contracted to pictures and statements before completing the whole slide-show for a second time. No explicit mood measures were taken during the procedure to minimize the risk that participants might be alerted to the role of mod in the study.
On completing the slide show for the second time, the electrodes were removed and participants were offered a fragrance-free facial wipe to clean their face. They were then asked to complete the structured debriefing questionnaire before being fully debriefed and thanked for their participation.
Design & Analysis
A mixed design is used for the analysis with facial expression (frown v smile) as the IV and ratings of stimuli (statements and pictures) as the DV. Both within-S and between-S participant analyses are described, with the between-S analysis limited to the first half of the session in which the first facial expression was manipulated (because the switch in facial muscle response requirements in the second half of the experiment may have alerted the participant to the importance of emotion-related facial expressions). An alpha of p < .05 is employed for all significance tests and r is reported as a measure of effect size. Figure 1 shows the ratings from all participants for all stimulus types while either frowning or smiling. These data were subjected to a 2 (smiling/frowning) × 2 (order of smiling/frowning) × 4 (stimulus types: Ambiguous statements; positive statements; negative statements; neutral pictures) mixed ANOVA. There was no significant effect of order of smiling or frowning, F(1, 69) = 0.07, p = .78. There was a significant main effect of facial expression (smiling/frowning), F(1, 69) = 16.78, p < .001; simple contrasts indicated that participants scores were significantly lower when frowning (M = 1.02, SE = 0.75) than when smiling (M = 3.63, SE = 0.62). There was a significant main effect of stimulus type, F(3, 207) = 8.89, p < .001. There was also a significant stimulus type x smiling/frowning interaction, F(3, 207) = 8.87, p < .001. Within-subjects pairwise comparisons of ratings for individual stimulus types indicated that ambiguous statements were rated as significantly more positive when smiling than when frowning, t(70) = 4.20, p < .001, r = .27, negative statements were rated as significantly more negative when frowning than smiling, t(70) = 3.27, p = .002, r = .13, but there was no significant difference in ratings to positive statements when smiling or frowning, t(70) = 1.24, p = .21, r = .05. When ratings for all types of statements were combined, ratings were significantly higher when participants were smiling than frowning (Smiling M = 13.98, SD = 20.10; Frowning M = 0.65, SD = 19.10), t(70) = 4.64, p <.001, r = .32. Conversely, there was also a significant effect of smiling/frowning on ratings of the picture stimuli in which pictures were rated as more positive while frowning than while smiling, t(70) = 3.85, p < .001, r = .16. There were no other significant effects.
Results

Figure 1: Standard error bar graph showing ratings to each stimulus type when either frowning or smiling (N = 47).
When participants who could articulate the main purpose of the experiment were eliminated (Type 1 unaware, remaining n = 28), ambiguous sentences were still rated as more positive when smiling than when frowning (smiling M = 11.43, SD = 11.4, frowning M = 6.75, SD = 12.3), t(27) = 2.10, p = .05, r = .19, but there were no significant differences between smiling/frowning ratings for negative sentences, t(27) = 0.99, p = .32, r = .06, positive sentences, t(27) = .84, p = .40, r = .06, or pictures, t(27) = 1.31, p = .19, r = .09.
When participants were selected on the basis that they were unaware that the experiment was related to their mood (Type 2 unaware, remaining n = 30), ambiguous sentences were still rated as more positive when smiling than when frowning (smiling M = 10.88, SD = 10.5, frowning M = 6.46, SD = 14.3), t(29) = 2.12, p = .05, r = .17. There were no significant differences between smiling/frowning ratings for negative sentences, t(29) = 1.55, p = .13, r = .07, positive sentences, t(29) = .85, p = .40, r = .05, or pictures, t(29) = 0.96, p = .34, r = .06.
A majority of the participants reported being aware at some point during the experiment that the facial muscle contractions they were asked to make were related to facial expressions such as frowning or smiling (n = 64), leaving only 7 participants who were Type 3 unaware. Because of the small number of relevant participants in this condition, no analysis was undertaken. Because the switch in facial muscle response requirements in the second half of the experiment may have alerted participants to the importance of emotion-related facial expressions, a betweensubjects analysis was conducted solely on the first condition experienced by each participant (Smile n = 36, Frown The between-subjects analysis revealed that smiling participants (M = 13.49, SD = 9.7) rated the ambiguous statements significantly more positively than the frowning participants (M = 4.26, SD = 12.6), t (69) 
Discussion
The purpose of the study was to examine the effect of positive and negative facial expressions on the interpretation of ambiguity, which is a process highly relevant to cognitive processes in psychopathology. To prevent participants from being aware of the purpose of the study, a cover story was employed which informed participants that they were performing a reaction time study which involved manipulating different facial muscles to either sentences or pictures. In fact, the stimuli of interest were the sentences which were either ambiguous, or unambiguously positive or negative and the pictures were neutral stimuli. Participants saw all sentences and pictures twice, once while elevating zygomaticus muscles (smiling) and once while contracting corrugator muscles (frowning) and rated the valency of the stimulus on a -100 -+100 visual analogue scale. At the end of the experiment all participants completed a structured debrief questionnaire to assess awareness of the purpose of the study. The results indicate that participants required to contract smiling muscles during the assessment of ambiguous statements rated those statements as significantly more positive than participants required to contract frowning-relevant muscles. This effect was significant in both between-S and within-S analyses, and remained significant in participants who were unaware of the purpose of the experiment, and who were also unaware that the experiment was related to mood. These findings are consistent with those obtained by Davey et al. (2013) , who found that facial expression influenced the interpretation of ambiguity in both a homophone task and an availability heuristics task in which participants were required to generate potential outcomes associated with ambiguous bodily sensations. This study extends these findings by (1) contrasting the effects of both smiling and frowning facial expressions (Davey et al., 2013 , studied only frowning vs. neutral expressions), (2) adopting a procedure that manipulated voluntary-generated facial expressions that are natural and not rigid and strained, (3) conducting both within-S and between-S analyses, and (4) demonstrating that the effects of facial expressions on the evaluation of ambiguity could not be explained by demand effects related to participant awareness of the purpose of the experiment or the role of mood in the experiment.
The effect of facial expression on ambiguous statements appeared to be more substantial than their effect on unambiguous statements. Facial expressions influenced statement ratings in both within-and between-S analyses, and were significant even when participants who were aware of the purpose of the experiment or the role of mood were excluded. One explanation for this finding is that those who were unaware of the purpose of the study did not use facial expression in judging unambiguous sentences, as the valence of the sentence is explicit. However, when judging ambiguous sentences, unaware participants may have needed additional information, which came from their current facial expression. Those who were aware of the purpose of the study may have applied facial feedback to all sentence judgments due to demand effects.
There was an overall main effect of facial expression across all statements, but this effect was only significant for negative statements when unambiguous positive or negative statements were analyzed separately, and this effect became non-significant when demand aware participants were excluded. Again, this could be explained by assuming that unaware individuals are likely to judge unambiguous stimuli solely on their content and thus do not use their facial expression as information because they are unaware that it is relevant. Fully aware participants may deploy their facial expression to judgments about all types of sentences, because they are aware of its relevance to the experiment, which may cause negative statements to be rated more negatively for the whole population and would explain why this effect disappears when aware participants are removed from the analysis. Alternatively, this finding may no longer occur when Type 1 and Type 2 aware participants are removed from the analysis due to loss of power.
Although the present study was not designed to identify the mechanism that mediated the relationship between facial expression and evaluation of ambiguity, the pattern of results does suggest that facial expression may have modulated the evaluation of ambiguous statements rather than acted solely as a means of resolving ambiguity. For example, facial expression did not appear to be a significant determinant of the valenced interpretation of these ambiguous statements because the mean ratings for ambiguous statements while both smiling or frowning were both positive, and 70.4% of participants still rated ambiguous sentences as positive even when frowning. This raises doubts about facial expression affecting either interpretation generation or response selection processes (Blanchette & Richards, 2010) , with a more parsimonious explanation of the data being that evaluation of ambiguity may have occurred independently of facial expression, but facial expression modulated evaluation of the valenced outcome (either positive or negative). This is consistent with findings from the facial feedback literature that support the view that emotion-relevant facial expressions modulate emotional experience, and as a consequence, the evaluation of stimuli concurrently experienced. For example, smiling has been shown to enhance a positive emotion and attenuate a negative one, while frowning has been shown to enhance a negative emotion or the evaluation of a negative stimulus and attenuate a positive emotion (Dimberg & Söderkvist, 2011; Hess, Kappas, McHugo, Lanzetta & Kleck, 1992; Larsen, Kasimatis & Frey, 1992; Soussignan, 2002; Strack, Martin & Stepper, 1988) . Furthermore, the positivity bias in responses may have been influenced by the study sample. Previous research indicates that a non-clinical sample is more likely to interpret ambiguous information as positively valenced as compared to those with depressive symptoms (Kleim, Thörn, Ehlert, 2014) . As such, the positively bias in the responses to ambiguous statements may reflect a typical bias in a non-clinical population.
Future studies may be needed to determine whether facial expressions can influence mechanisms underlying evaluation of ambiguous stimuli, and in particular whether facial expressions can have an influence at either earlier or later stages in evaluation of ambiguous stimuli perhaps by adapting facial expression manipulations to stimulus onset asynchrony (SOA) and rapid serial visual presentation (RSVP) procedures (e.g. Calvo & Castillo, 1997 Richards & French, 1992) . Future work may also compare facial feedback with brief stimuli as opposed to grammatical sentences. One possibility is that facial feedback is used to interpret ambiguity only when quick, intuitive judgments are required to brief stimuli (e.g. is an ambiguous photo positive or negative). The sentences used in the present study had to be read and grammatically understood first, so higher cognitive functions may have had time to become involved in disambiguating them, in which case facial expression may contribute additional valence effects only after disambiguation has occurred.
This study provides evidence that facial expressions are not just reflections of valency resulting from the evaluation of ambiguous stimuli, but also influence the evaluation of ambiguous stimuli in an emotion-congruent manner. For example, Neta, Norris and Whalen (2009) found that when presented with surprise facial expressions -which can be interpreted either positively or negatively (Kim, Somerville, Johnstone, Alexander, & Whalen, 2003) -participants who tended to rate surprised faces as negative showed increased corrugator activity, which appeared to reflect the valency of the participants bias in responding to such faces. In contrast, the present study shows that responding to complex ambiguous stimuli such as verbal statements can be causally influenced by experimentally manipulated facial expressions (such as corrugator contraction).
The fact that facial expressions can influence responding to ambiguity will have important relevance to the cognitive processes involved in the acquisition and maintenance of psychopathology, and especially psychopathology-relevant emotional experience (e.g. anxiety and depression). Cognition plays a central and influential role in the acquisition and maintenance of many common psychopathologies, particularly anxiety disorders and mood disorders, and also modulates symptoms in a range of other mental health problems. In particular, symptoms are affected by cognitive processes that influence orientation, engagement and disengagement, avoidance of threat, and promote cautious interpretations of sensory input. Specific examples include deployment of attentional resources towards threat (Barlow, 2002; Bar-Haim et al., 2007; Wilson & MacLeod, 2003) , initial orientation to threat followed by avoidance (Koster, Crombez, Vershuere, Vanvolsem & De Houwer, 2007; Mogg & Bradley, 2004) , threat interpretation biases to ambiguous stimuli (Amir et al., 2005; Mathews, Richards & Eysenck, 1989) , an aversive outcome expectancy bias to threat-relevant stimuli (Davey, 1992; Davey & Dixon, 1996; McNally & Heatherton, 1993) , reasoning biases that maintain threatening interpretations (de Jong, Haenen, Schmidt & Mayer, 1998; de Jong, Weertman, Horselenberg & van den Hout, 1997) , and a systematic rather than heuristic information processing style (Hale, Lemieux & Mongeau, 1995; Sengupta & Johar, 2001; Turner, Rimal, Morrison & Kim, 2006) .
What is also of significant relevance to these cognitive processes is that they in turn are influenced by emotional experience, and these experiences can generate and maintain psychopathology-relevant symptoms. If facial expressions are a significant and causal element of emotional experience then we would expect facial expressions to influence higher level cognitive processes that affect the acquisition and maintenance of both emotional disorders and psychopathology symptoms (whether that is a direct influence through facial expression as an integrated component of embodied emotional experience or indirectly through facial expression acting as a priming stimulus for emotional experience). If this is the case, then the clinical implications of these findings are that the embodied components of negative emotions, such as negative facial expressions, should themselves be a target for clinical interventions. This would involve replacing negative emotional embodiments with positive ones that would minimize the emotion-driven threat-interpretation biases, negative outcome expectancies, and threat-orientation biases that regularly act to maintain psychopathology.
Finally, an investigative study of this kind will have a number of limitations. One of the original purposes of the present procedure was to investigate the effect of facial feedback on the interpretation of ambiguity while minimizing demand effects. The procedure was successful in masking the true purpose of the study and the role of mood in enough participants to show that the main effects found could not be a result of these types of demand effects. Nevertheless, most participants claimed to have become aware by the end of the experiment that their facial muscle contractions were related to facial expressions. However, there were still enough participants unaware of the fact that the facial expressions were related to mood or emotion to suggest that the present effects could not be accounted for by expectations that facial expressions were influencing mood or in turn influencing judgments of stimuli through their effects on mood. It is possible that asking participants yes/no questions as to their awareness of the purpose of the study (Type 3 unaware) actually created rhetorical questions that led to more positive responses 1 , however it is preferable to adopt a more conservative approach than a more liberal one when assessing how effective the cover story was in preventing demand effects. Future work, alongside examining the potential mechanisms outlined in the discussion of the findings, should aim to further reduce demand effects.
